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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHENICAL NOTE 2817

A THEORETICAL AND EXPERIMENTAL INVESTIGATION OF THE
EFFECTS OF YAW ON PRESSURES, FORCES, AND MOMENTS
DURING SEAPLANE LANDINGS AND PLANING

By Robert F. Smiley
SUMMARY

A theoretical investigation was made of the hydrodynamic forces and
moments experienced during yawed water landings and planing of seaplanes
of arbitrary constant cross section. Equations are developed for the
side force, the rolling moment, the yawing moment, the pressure distri-
bution, and the peak pressure. For the special case of the non-chine-
immersed straight-sided wedge, these equations are such that the time
histories of the side force and rolling and yawing moments can be
expressed as families of generalized curves.

Experimental measurements of the side force, the rolling and
yawling moments, the pressure distribution, and the peak pressure,
obtained during landing and planing tests made in the Langley impact
basin with a float having an angle of dead rise of 22.59, are presented
and compaered with the theoretical predictions. The landing tests cov-
ered yaw angles between 0° and 12° for trims of 3.29, 6.3°, and 9.3°
and the planing tests covered yaw angles of 60 and 9° for trims of 6.3°
and 9.3°. In general, the experimental data appear to be in reasonsble
agreement with the corresponding theoretical predictions.

INTRODUCTION

In recent years much experimental and theoretical research has been
directed toward the obtaining of information concerning the motions and
hydrodynamic forces experienced during the landing or planing of sea-
Planes. For the case of the symmetrical landing or planing many theo-
retical and experimental date are now availeble (refs. 1 to 22). For
the case of unsymmetrical landing or planing, however, very little exper-
imental or analytical work has been done (refs. 23 to 25).

The purpose of this paper is to approach this problem of unsymmetrical
loads by a theoretical and experimental study of the effects of yaw on
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seaplane loads and motions. The analysis deals, in general, with the
treatment of yaw forces on hulls of arbitrary comstant cross section
and deals, in particular, with the case of a wide straight-sided wedge.

A study is made of the pressure distribution, side force, and
rolling moment occurring during the two-dimensional yawed impact of a
symmetrical body on a smooth water surface. The problem of the obligue
yawed impact and planing of a three-dimensional body of arbitrary con-
stant cross section is then solved by the use of the results of the two-
dimensional analysis. After a consideration of several constants needed
for theoretical computations, experimental impact and planing data
obtained from tests in the Langley impact basin, which are described
in the appendix of this paper, are compared with the corresponding theo-
retical predictions.

SYMBOLS
Any consistent set of units may be used unless otherwise indicated.

Bars over symbols indicate the average value of the quantities involved.

A hydrodynamic aspect ratio,

(Wetted length at keel)?
Wetted area projected normal to keel

ag perpendicular distance between keel and axis of rolling
moments
ag distance between step and axis of yawing moments measured

parallel to keel

B, B3, B2 side-force factors

b beam of hull
c wetted semiwidth of hull‘in any transverse section

E, E;, E5  rolling-moment factors

Fq, Fo total hydrodynamic force on two sides of a wedge
Fy hydrodynamic force normal to keel (parsllel to (-axis)
Fﬂ hydrodynamic force perpendicular to seaplane plane of

symmetry (parallel to n-axis)
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£(B)
G

Snen

ASnch

dead-rise function

yawing-moment factor

acceleration due to gravity, 32.2 ft/sec®
perpendicular distance between keel and plane of chines
wetted height of hull in any transverse section
empirical function of angle of dead rise

constant for pressure calculations,

K~ Zf, - 3 tan®B cos B _ tan B sin®p
2 1.7 3.3x

longitudinal-wave-rise ratio

hydrodynamic rolling moment gbout an axis parallel to £-axis
and in &f-plane; the moment is considered positive if it
tends to decrease the angle of dead rise on side of hull
having the largest impact force (advancing side of hull)

hydrodynamic yawing moment about an exis parallel to {-axis
and in {&-plane; the moment is considered positive if
it tends to reduce angle of yaw

two sildes of a thick rectangular flat plate

side-force load factor, %?
vertical load factor, i?

instantaneous pressure
transverse-wave-rise ratio

wetted area of one side of seaplane projected normal to
plane of symmetry of sesplane at chine immersion

increase of wetted areé of one side of seaplane projected
normal to plane of symmetry of seaplane subsequent to
chine lmmersion
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X,Y,Z

X',y

,Z!
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wetted areas of two sides of seaplane projected normal to
the X-axis

distance between a given flow plane and keel-water-surface
intersection (parallel to E-axis)

time after water contact

velocity of hull relative to undisturbed water
velocity of hull hormal to keel (parallel to g-axis)

acceleration of hull normal to keel (parallel to ¢-axis)

velocity of hull perpendicular to seaplane plane of symmetry
(parallel to n-axis) . .. ,

local fluid velocity relative to body at body surface
weight of hull
thickness of a rectangular flat plate

coordinate axes with respect to plane of seaplane landing;
X-axis is in plane of seaplane motion and is parallel
to water surface, Z-axis is in plane of seaplane motion
and is perpendicular to water surface, and Y-axis is per-
pendicular to X- and Z-axes

X-, Y-, Z-coordinate axes rotated about the Z-axis through
yaw angle; X'-axis is in plane of symmetry of seaplane and
is parallel to water surface, Z'-exis is in plane of sym-
metry of seaplane and is perpendicular to water surface,
and Y'-axis is perpendicular to X'- and Z'-axes

horizontal velocity of hull (parallel to X-axis)
horizontal acceleration of hull (parallel to X-axis)
vertical displacement of step (parallel to Z-axis)
vertical velocity of hull (parallel to Z-axis)
vertical acceleration of hull (parallel to Z-axis)

3B
[2(8)] Po(a)

constant for free-lateral-motion solution,

angle of dead rise, radians

average angle of dead rise, tan'; EE, radians

gemma function
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E; N, €

T

¢

o(4)

¥
Subscripts:
a

ch

cP

flight-path angle
transverse slope of hull surface at any point
penetration of hull normal to keel (parallel to {-axis)

approximation for Vg, Xs8inT + %2 cos T

approximation for V¢, XsinT +%Z cos T

absolute value of transverse dlstance from center of
model (parallel to n-axis)

effective angle of dead rise

parameter used in equation (29)

coordinate axes with respect to seaplane; the £-axis is
in plane of symmetry of seaplane and is parallel to keel,
the n-axis is perpendicular to plane of symmetry of sea-
plane, and the {-axis is perpendicular to E- and Tn-axes

distence forward of step (parallel to E-axis)

mass density of water, 1.938 slugs/cu ft for tests

trim

velocity potential on surface of body

aspect-ratio correction

yaw éngle

restricted side motion

at chine immersion

center of pressure

free side motion .
maximum .

at water contact
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B peak

u unyawed

1 normal flow

2 transverse flow

Dimensionless variables:

sin T
K approach parsmeter, = cos (T + 70)
Cq vertical-load-factor coefficient,
Diy8€ | 60 _sin T coser 1/3
[£(8]] 20(a) o
1/3

£ A)n
Cg draft coefficient, = [ (ﬂﬂ “o(a)mog

67 sin T cosZr

[£(8)] 2p(4) wpg 1/3
6W sin T cos@r

Cg time coefficilent, tzq

Cp or Cqe side-force coefficlent (Cy for restricted case, Cpp for

B:rpxO o 8in ¥
Jten + | [2(8] 2<P(A)stpg

£ rolling-moment coefficient for restricted cage,
Me

_ nEBEWéoio sin ¥
. 4 [2(8)] Po(a)g sinp

free case),

2/3

12 sin?p | [£(B)] 20(A) npg 1/3
7eE 6W tan T

8§ rolling-moment parameter, 8¢

-
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Cmc yawing-moment coefficient for restricted case,
M¢

BGW {,x, sin ¥
[£(B)]%p(2)g tan T

1/3

2 2
BC yawing-moment parameter, agé- l?(ﬁi] @(A)xgp tan' T
6w

ANALYSIS OF TWO-DIMENSIONAL PROBLEM OF YAWED IMPACT

General analysis.- Before the specific problem of the yawed impact

of a seaplane is discussed it is desirable to consider first the corre-
sponding two-dimensional problem, namely, the oblique impact of a sym-
metrical body on a smooth water surface (fig. 1). For convenience, the
body is assumed to be stationary and the fluid is assumed to be moving
toward the body at a velocity V far from the body, the vertical and
side components of this velocity being designated as Vg and Vﬁ,

respectively. Buoyant and viscous forces are neglected. The velocity
potential for the flow and the corresponding fluid velocity at the body
are designated as ¢ and v, respectively. As a first crude approxi-
mation this flow field can be considered to be the sum of the following
two flows (see fig. 2): (1) the flow for the symmetrical vertical impact
of the same body on a fluid moving at a velocity VC at infinity, which

will be designated by the subscript 1, and (2) the symmetrical horizontal
flow about the corresponding vertically symmetrical completely submerged
body at & velocity Vn which will be designated by the subscript 2. It
should be noted that the application of this superimposition principle

is not strictly correct because of the presence of the free surface in
the basic problem. For lack of a better or simpler way to approach this
problem, however, the principle is assumed to be approximately valid.

According to Bernoulli's equation the pressure (above atmospheric)
on the body for the three problems represented in figures 1 and 2 is

p = %p(ve -v2) - p g% (1)

S R R TS (2)
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P = %P(Vne - V22> -p Zd% (3)

where equation (1) refers to the complete yawed flow of figure 1 and
equations (2) and (3) refer to the vertical and horizontal components
of the flow in fTigure 2, respectively. As the flow field of figure 1
is assumed to be the resultant of the flow fields in figure 2, then on
the bottom of the body B

AN
]

g1 + o (4)

v=vylv (5

The plus sign in equation (5) refers to the left side of the body and "
the minus sign refers to the right side (see arrows designating fluid
flow directions in fig. 2). Substituting equations {4) and (5) and the

relation V2 = V;Q + V.q2 ‘into equation (1) gives

i o
gole® e vl - ()T et o R

o
"

1 2
Ep(vg + Vg2 - w2 £ 2vyvp - v22> -p—=-p—= (6)

This analysls is now restricted to the determination of the first-
order effects of the yaw; that i1s, the term in equation (6) which, is
proportional to Vy (that is, pvivp) is considered but terms propor-

tional to Vne (that is, %pvn2, %pvee, and o g%a) are neglected.

Then equation (6) reduces to the relation

1 2 ' )
P = Ep(vc - Vle) - p S‘b_ + pvlv2 (7)

The difference in pressure between that for the yawed case and that for
the unyawed case can be obtained by subtracting equation (2) from equa-
tion (7) and is ‘

p-p =% pvyvp . (8)
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Equation (8) gives a first approximation for the pressure due to yaw on
an arbitrarily shaped symmetric body. Because of the preceding simplil-
fying assumption that a superimposition procedure is valid and because
of the neglect of second-order terms proportional to the yaw velocitby
Vn, this equation should not necessarily be considered to be applicable
to practical yaw conditions. Rather it is or should be considered as
an equation which is probably approximately valid for infinltesimal yaw
angles and which may be corrected later empirically to apply to the
practical case.

According to equation (8) (see statement after eq. (5)) the unsym-
metrical pressure or the pressure due to yaw is positive on one side of
the body and negative on the other so that the net upward force due to
yaw 1s zero. The vertical force on a yawed body at a vertical velocity
V; thus is to a first-order approximation the same as that on an unyawed

body at the same vertical velocity V§ or
Fe =Fe, .(9)

The difference in pressure between the two sides of the body is
from equation (8)

Ap = pvyvy - (-pviva) = 20v v, (10)

and the total side force per unit length an/ds is equal to the average
pressure difference Ap times the wetted height h or

—’lgl: = Aph = 2phvivp (11)

In order to evaluate the quantities vy and vp, consider first the

limiting case of a body of infinitesimal transverse slope (¢ > 0). For
this condition the body is substantially reduced to a flat plate (see
fig. 3) so that the flow in the horizontal direction (fig. 3(b)) is
substantially undisturbed or

vo = VT] (12)

For a flat plate which is completely submerged the velocity distribution
on the surface of the plate due solely to the verticsl component of flow

is (see, for example, ref. 1)
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vy = Vp ——— (13)

According to Wagner (refs. 2 or 3) the flow on a non-chine-immersed
body of infinitesimal slope is substantially the same as that for the
completely submerged flat plate given by equation (13). (The velocity
varlation for the case where the chines are immersed and where the upper
surface is not wetted is considered in a later section of this paper.)
Substituting equations (12) and (13) into equation (8) gives the pres-
sure due to yaw as -

n/c

P - Py = toVeVy ————— (14)

and the yaw or side force per unit length is then obtained from equa-
tions (11), (12), and (13) as

&Fn
ds

20V¢Vyh f _"_/_c.. — (15)

Evaluation of the integral’in equation (15) gives

aF
EETL = 20V;Vnh (16)

The relation between the wetted height h and the penetration of the
body ¢ (see fig. 1) has been obtained by Wagner for the unyawed case

by using the flat-plate approximation. The resulting equations are
given in references 2 and 3. ‘For the special case of & straight-sided
wedge Wagner obtained the relation

(17)

"all=y
I
(M E
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These same relations are assumed to hold for thé yewed case. Equations
were also derived by Wegner for the symmetrical pressure distribution Pq-

(See ref. 1, 2, or 3.) For the special case of a straight-sided wedge,
the chines of which are not covered by water, Wagner's equations reduce
to the relation

2& c
Py __mcot B 1 N € 1 - (3)2 (18)

e @ @

First approximation for the straight-sided wedge.- A first approxi-

mation for the pressure distribution on a yswed straight-sided wedge is
obtained by combining equations (14) and (18) as

P __ _mcot B 1 . 2V§c Il j (3)2 + 0 Kﬂ 1/c
2 0)2 -1 vce c v

e Jr-(®F (8

\V] [
<

The wetted semiwidth c¢ which is equal to h cot B for a straight-sided
wedge (see fig. 4) is then given by equation (17) as

c=hcotB=2¢ % cot B (?0)

%he)side force per unit length is given by combining equations (16) and
17) as :

aF )
=0 _ VeV & (21)
ds -

The center of pressure of the side force Mep is given by the relation

C
JF Ap 1 dn
0

= (22)

C
pr dn
0
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Substituting equations (10), (12), and (13) into equation (22) gives

c .
n/c
0 1

- (1)2 _
Mep = < (23)
c .
f 20V Vy _n/e dn
0 1 2
1-(3)
or
2
[
c
ficp _ OV1- (%)2 _ (24)
c .
e oy
0 1. (%)2 )
and integrating equation (24) gives
|
depx | (25)

The rolling moment per unit length gbout an axis at distance &g above

the keel (see fig. 4) is obtained as follows: The rolling moment due
to the force on tlie right side of the wedge 1s equal to

Fright(&g sin B - C—O-SB_E)
where Fright' is the total force per unit length on the right side (which

must be normal to the surface of .the wedge) and where at sin B - czgpﬁ

is the center-of-pressure distance (see fig. ). Similarly, on the left
side of the wedge the rolling moment is

Ncp
“Fleft <a§ sin B - coS B)
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and the total rolling moment per unit length is

: l
(Fright - Fleft) (ag sin B - CO:PB)

or

. Nep
(Fright sin B - Fleft sin B) (ag - m)
. qu
The side force per unit length rre is, by definition, equal to
s

Fright sin B - Fiert sin B; therefore the rolling moment per unit length
becones

aM dar. 1
__5»:_“%& - cp ) (26)
ds ds sin B cos B

and substitution of equations (20), (21), and (25) into equation (26)
glves

dMg - 2
—= = Vot - Xt (27)
ds i Cag 8 sin®p )

Second approximation for the straight-sided wedge.- This section
is concerned with the development of a better approximetion for the
pressure distribution and yawing forces and moments on a straight-sided
wedge than is given by equations (19), (21), (25), and (27) which were
obtained for the limiting conditlon of a wedge of infinitely small slope
(= 0). For this approximation the unyawed pressure Py is obtained

from equation (18) in the same manner as for the first approximation so
that the pressure distribution may be expressed by combining equations (8)
and (18) as

2& c
P___ T cot B 1 + ¢ 1 - Il2:|:2.\ﬁ111..v_2 (28)
ey A
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The best method of estimating the gquantity vl/Vg, which is the

velocity distribution on the unyawed wedge, appeared to be the use of
the detalled graphical solutions of Pilerson for the constant-velocity
impact of a straight-sided wedge on a smooth water surface. (See ref. L4.)
The resulting curves for vl’Vg » which can be obtained from figure 16

of reference 4, are shown in figure 5 of this paper. It is noted that
these theoretical curves are easily Iinterpolsted. Also shown in this
figure is the theoretical variation of VI/VE predicted by equation (13)

for the first approximation.

In order to determine the quantity v2/Vn, the solution is used

for the symmetrical flow about a completely submerged straight-sided
wedge. This problem has been solved by R. J. Monaghan (not generally
avallable) and the method of solution is indicated in reference 5. The
resulting equation for v2/Vn is

2.4 (..Lg__z_)ﬁ/“ (29)

¥ 1 -2

where A 1s defined by the relation

- A
Ty g)fo<lie)

r(3+ 9rh -

and where I' deslignates the gamma function. _The varistion of Vé/Vn
with n/c as computed from this equation is shown in figure 6 for
various angles of dead rise. Also shown is the varistion predicted by
eguation (12) for the first approximation. - L -

1_8
2 14

Curves of the product vlvgjvgvn were obtained by multiplying

together the corresponding values of v, [V and v,ofV from figures 5
'€ 2f "n

and 6 and &are shown in figure 7 together with. the prediction of the first
approximation. These curves, which represent the pressure due to yaw
(see eq. (8)), can be used with equation (28) to predict the pressure
distribution on the yawed wedge. ’

The curves of figure 7 were graphically integrated to obtain the
average value V1Vo and the results were substituted into equations (11)
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and (17) to obtain the side force Per unit length. The resulting equa-
tion for the side force is

dar
Esll = Bl:nfpVC Vn§ (30)

where the quantity Bj, which represents the ratio between the side

force for the second approximation and that for the first approximation,
is shown in figure 8. '

The center of pressure of the yaw force is found by graphical °
integration of the pressure according to equations (10) and (22) with
the aid of the curves of figure 7. The resulting center-of-pressure
locatlons are given by the relation

T]—cl-)-=-’;£]i!1 (31)

c
where Ej, which represents the ratio between the center-of-pressure

distance for the second approximation and that for the first approxi-
mation, is shown in figure 8.

The rolling moment per unit length according to equations (20),
(26), (30), and (31) is

dMg TEEE]_ .
R Q(aﬁ = ;) .

Peak pressure on the straight-sided wedge.- According to Wagner
(ref. 3) the peak pressure on a straight-sided unyawed wedge of small
dead-rise angle is spproximately equal to the dynamic pressure corre-
sponding to the side velocity of the edge of the wetted semiwidth or

P 27\dt

where

dc e
— = V¢= cot
dat §2 B
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For the yawed case the side velocity of the edge of the wetted semiwidth
is equal to the rate of expansion of the wetted width dc/dt plus or
minus the §ide velocity of the body Vn so that the peak pressure for

this case becomes approximately

1 {fdc + 2
==pfE v
Pp Ep(dt ”)

and when dc/dt is assumed to be the same for both yawed and unyswed
cases

.

py = %p(Vg% cot B £ vn)E
2
= 1 21 +V—‘q '
EQVC (2 cot B ¢ V;) (33)

Effects of chine Immersion for bodies of arbitrary shape.- In this.
section consideration is made of the effects of chine immersion on the
side force and rolling moment during a yawed impasct. According to equa-
tions (11) and (12) the side force is given approximstely by the relatiom

arF
— = 2phv

ds ﬂvl

or in s more convenient form

3

dr
LI --
= 2B2phVnV§ (34)
where
T _
132=V—-1- -
4

For the non-chine-immersed condition Bp can be obtained as a first

approximation by teking the average value of equation (13). For the
chine-immersed case, however, equation (13) does not apply and some
other means must be used to determine ¥j. This determination may be

made approximately as follows: For deep immersions the fluid flow about

EXH
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an impacting body is very similar to the steady, separated, free-streamline
flow about the same body. (See fig. 9.) Solutions are available in
reference 6 for the velocity during such free-streamline flow which indi-
cate that B, 1s equal to approximately 0.3, O.h, and 0.5 for dead-rise -

angles of 0°, 20°, and 40°, respectively.

The center of pressure (see egs. 10, 12, and 22) according to the
velocity relations of reference 6 1s given by the relation

Mp = ﬁ»Egc = giﬂgb where Ep x 0.8 for dead-rise angles up to L0°. The

rolling moment is obtained from this relation and equations (26) and (34)

and becomes .
dM bE, )

£ _
EE_ = QBQOhVﬂVC(aE " 8 8in B cos B 2

ANATYSIS OF OBLIQUE YAWED SEAPLANE LANDINGS AND PLANING
FOR RESTRICTED SIDE MOTION

General Analysis

. The problem to be treated in this section is the fixed-trim, oblique,
smooth-water landing of a seaplane of arbitrary constant hull cross
section having a fixed angle of yaw. The angle of yaw V¢ 1is defined as
the angle between the landing plane (XZ-plane of fig. 10(a)) end the
plene of symmetry of the seaplane (X'Z'-plane of fig. 10(b)). The motion
of the seaplane is assumed to be restricted to the XZ-plane; that is,
there is assumed to be no side motion in the Y-direction. In an actual
seaplane landing the seaplane is, of course, not restricted to motion in
the XZ-plane but is free to accelerate perpendicular to the plane of
landing (in the Y-direction) as a result of the side force. However,

the restricted case corresponds to the model testing conditions for the
experimental data of this paper and it happens that the equations for

the unrestricted-side-motion condition can be conveniently expressed in
terms of those for the restricted case; therefore, it is expedient to
consider the restricted case first. The unrestricted or free case is
considered separately in a subsequent section.

Consider the motion of the seaplane at a given instant of time (see
fig. 10(a)). The yawed float moves forward (in the X-direction) at a
velocity X, vertically down (in the Z-direction) at a velocity %z, and
to the side (in the Y-direction) with zero velocity. If this motion is
viewed perpendicular to the plane of symmetry of the seaplane (see
fig. 10(b)), it appears that an unyswed seaplane is moving forward (in
the X'-direction) with a velocity x cos ¥, down (in the Z'-direction)
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at a velocity 2z, and sidewise (in the Y'-direction) at a velocity Vﬂ

where
Vy =% siny (36)

In the theoretical treatment of the landing of unyawed seaplanes
(refs. 7 to 11), it—is generally assumed that the flow processes in a
glven transverse plane, stationary in space and oriented normel to the
keel (see aa' and bb' in fig. 10(b)), cen be considered to be similar
to those in the corresponding itwo-dimensional problem. In the present
case the velocity of penetration into this plane (aa' or bb')} or the
velocity normal to the keel V¢ 1s seen from figure 10(b) to be equal

to
Ve = 7z coB T + x sin T ¢os ¥ (37

and can be satisfactorily epproximated by the simpler relation
Vg X zcosT +xs8inT = é (38)

for most practical angles of yaw since the cosine of the yaw angle is
usually close to unity. The side velocity (parallel to the Y'-axis) is
given by equation (36).

Equations (36) and (38) used together with the equations of the
previous section on the two-dimensicnel problem provide a first approxi-
mation for the side forces in terms of the instantaneous velocities X
and . z and the normel displacement {. In order to determine these

quantities as a function of time, the motion of a yawed seaplane in the
XZ-plane 1s assumed fto be the same as that for the unyawed seaplane;
that is, the time histories of the draft, vertical velocity, horizontal
velocity, vertical acceleration, and vertical hydrodynamic force are
assumed to be the same for the yawed and unyawed cases. (A subsequent
section of this paper shows that this assumption is substantiated by
experimental data for a float having an angle of dead rise of 22.5° for
yaw angles at least up to 12°. It is also noted that this assumption
is consistent with eq. (9).) Procedures for computing the vertical
motions for the unyswed case are given in references T to 12. Refer-
ences 8 and 12 consider the seaplane of arbitrary constant cross section,
references 1l and 12 consider the V-bottom seaplane with considerable
chine immersion, and references 7, 9, and 10 deal particularly with the
V-bottom seaplane having little or no chine immersion.
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The Wide V-Bottom Seaplane

The special problem of the yawed impact of a wide, constant-dead-
rise V-bottom surface, the chines of which do not penetrate the water
surface, is now considered in detail. In addition to the assumptions
of the preceding sections the weight of the seaplane is assumed to be
counterbalanced by an equal constant wing-1ift force throughout any
landing. The motions of the unyawed seaplane for this case are dis-
cussed in detail in reference 9 and equations and dimensionless plots
for these motions are presented therein.

Side force.- When equations (30), (36), and (38) are combined,
the side force per unit length of float is obtained as

ar .o
E;n = Bynptx{ sin ¥ (39)

The relation between ¢ and s (see fig. 10(c)) is given by the
relation

£ =85 tan 7 (Lo)

Combining equations (39) and (%0) and integrating the result gives the
total side force as

z/sin T ..
1 JQ Blﬂpgxs sin ¢ tan T ds

o
]

_ BympfxzPsin ¥ ()

2 8in T cos T

Since equation (41) is based upon many inexact assumptions, it is unlikely
to be always in good agreement with the experimental data. Consequently,
equation (41) is modified empirically here by the substitution of some
empirical quantity B for B; into equation (41) so that

Bﬂpéizzsin v
T2 sinT cos T

(42)

The empirical quantity B 1s probably substantially a function of dead
rise alone and of the same order of magnitude as Bj.
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In order to convert-the side force into a dimensionless varlable _
similar to those used in reference 9, equetion (42) may Ffirst be So-
rewritten in the form ' -

2/3
2 &(B):IEQ(A)ﬁDg (43)

. v X &
Brpxob, sin ¥ G 2/3 o8y - |6W sin T coser

23 [tan T [f( ﬁ)] 2o(4) nog

N

z2 [f(B):leq)(A):rbg 2/3 S
6W sin T coseT - - _

is the sguare of the dimensionless draft coefficient Cg. The term on

the left of the equation is defined here as the dimensionless side-force
coefficient Cp

In the teiminology of reference 9 the term

Gy = M ' ()
Brpxol, sin ¥ 6 2/3 4

2 \3/ tan T [£(8)] %p(a) prg . ._'

so that equation (43) can be rewritten as - o S

Uee
|

Cp = X =02 (45)
A . S

According to the anslysis of reference 9 the time histories of C/Co

and Cgq are functions only of the approach parameter «k where

k = Eiﬁ;l cos(7, + 7). The time history of %/%o, although easily

sin 70
computed, is not a function of k alone. However, during many Iimpacts -
the change in horizontal velocity is small; therefore, it eppears -
desirsble, in the interest of simplicity, to ignore this variation and . -
‘approximate equatiom (45) by the simpler relation

Iv,.

Cp = == C4° - SR (46Y ’

[Fan

o]



NACA TN 2817 21

so that the time history of the side-force coefficient becomes & func-
tion of K alone. (This approximation leads to a conservative estimate
of the side force.) Theoretical time histories of Cﬂ (according to

eq. (46)) for various values of &k have been computed from the solutions
of reference 9 and are shown in figure 11. The maximum values of CT]

are plotted against & in figure 12. This latter theoretical curve
can be approximsted within about 3 percent by the following empirical
equation:

Crpax = 10 (0 < k <10)
19 + 29k + K2

The time to reach maximum side force is shown in figure 13 together
with the times to reach maximum vertical load and maximum draft.

Rolling moment.- The rolling moment can be obtained by substituting

equations (36), (38), and (40) into equation (32) ard integrating the
result over the float bottom. Also B is.substituted for Bj. The

resulting equation for the rolling moment is

.. z/sin T :'(2F..l tan T )
Mg = Brpfx sin ¥ s tan T lay - ~————— s}ds
€ 0 £ 8 sin2p
Brptx sin ¥ a§z2 rr2E123
sin T cos T\ 2 ol 5in®B cos T
e 2 .
Brptxz=sin ¥ n’E‘Elz
_ et ae L - (¥7)
2sin Tcos T 12a§ sin®B cos T

and substituting equations (42) and (L44) into equation (47) gives

ﬁzElZ
l2a§ sin"B cos T
agBrpl %, sin ¥ 61 2/3 w2E1 2

=C
n 2\3/%;;‘; E'(B)] 2p(A)npg 12a; sin®B cos T
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The quantity E; which represents the ratio between the center-of-
pressure distance for the second approximation-and that for the first
approximation for the two-dimensional case is now replaced by the quan-
tity E which represents the actual center of pressure. This guan-
tity E 1s probably substantially a function of dead rise alone and
is probably somewhat similar to Ej;. With this substitution and also
2} 1/3

by replacing z by 6f_sin T cosTT Cq according to the defini-

[£(8)]%p(A) npg

tion of Cg in reference 9 the preceding equation becomes

a,.Brpt_x, si 2
Mg = Cn —= So¥o s1n ¥ & BQ-

P atan T [f(B)] 2p(A)pg

PECy 6W sin T cos2T 1/3)
12a; sin2B cos T [f(B)].ecp(A):tpg

or

nEBEW&,OJ.:O sin ¥

: - en (5t - Ca) (18)
4[2(8)]20(a) g 518 .
where
12 sing | [£(8)] %p(a) 1/3
g = ag —— = SAAESS (49)
=R 6W tan T

The rolling-moment dimensionless coefficient is now defined as

M
nBEW{ xo sin ¥

A4 [£(B)]20(A)g sin®p
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which from equation (48) is equal to

Since the time histories of both Cy and Cg are functions of &k only
but 8¢ is not a function of «, equation (51) shows that the time

history of the rolling moment is different for each combination of &
and B¢ so that a single family of generalized curves like figure 11

cannot be given for the rolling-moment time history. For any specific
case, however, the curve of Cmg can be obtained by combining the

pertinent Cp curve of figure 11 (multiplied by 5g) with the corre-
sponding Cncd curve of figure 1h (which figure was obtained by com-
bining the Cy curves of fig. 11 with the C4 curves of fig. 6 of

ref. 9). The variation of the maximum rolling-moment coefficient with
k 1s shown in figure 15 for several values of 65.

Yawing moment.- The hydrodynamic yawing moment sbout an exis per-

pendicular to the keel at a distance ag forward of the step (see
fig. 10(c)) is given by the relation

z/sin T GF
= bl - -z
MC _/; ds (ag sin T * s)ds (52)

Substitution of equations (39), (L40), and (42) into equation (52),
substitution of B for Bj, and integration of the result yields the

following equation for the yawing moment:

z/sin T 2
slap - ——— + s5jds
£ sin T

_ Bﬁp;(_&zz sin \lf(a Z 2z )
¢ -

= +
2 sin T cos T siln r 3 sinT

= - —_ (53)
Fna§< 3a§ sin T)

Mg = Bﬁpﬁé sin ¥ tan Tk/h
0]
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In order to allow for the inaccuracies in the assumptions leading to
equation (53), this equation is modified here by the insertion of an
empirical constant G so that equation (53) becomes

_ Gz
Mg = Fnagé - ;;Fj?:) (5’"‘)

Substitution of equation (k4k4) and the relation between 2z and Cg
into equation (54) gives the relation

. - BGWxol, s1n ¥ c 38¢ [f(B)]etv(Aﬁpg tan?r| 1/3
: [£(8)]%0(a)e tan bE 6w

- Cg| (55)

When the dimensionless yawing-moment coefficient Cp, is defined as

¢
M¢

Cny = T (56)
[£(B)]%p(A)g tan T
and ag as
2 o 1/3
B = a % [£(8)] “o(a) npg tan®r (57)
6w

equation (55) can be written in the form

Cm, = Cn(B¢ - Ca) = 8¢Cq - Cqlq (58)

g

Since equations (51) and (58) for the rolling and yawing moments have
been expressed in ldentical form, the time histories of the yawing mom-
ents can be computed from the generalilzed curves of figures 11 and 1k
in the same manner as for the rolling moments. The maximum yswing mom-
ents can be obtained from figure 15 in a like manner.

Pressure distribution.- In order to meke equations (19) and (28)
applicable to the three-dimensional problem, VC and. Vﬂ in these
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25
equations are replaced by the values given by equations (36) and (38),
the term containing the acceleration is corrected by an aspect-ratio
correction (see ref. 13), and the angle of dead rise B 1is replaced
by a more general quantlity 6, called the effective angle of dead rise
(see ref. 14%). Equations (19) and (28), respectively, become
P %t cot 6 ) 21 +2§cg(A) ,1-(%)21
2 c
1.3 - (02 = -1 _
Lt - (n) t
1
x sin ¥
2 é < (59)
2
RVERN

for the first epproximation and

P _ mcoto __ 1, 2tcea) _(B_)Qiai_mv_lia (60)
W -G () - F Ve A

for the second approximation where

ola) = L (_o.h25

1. 62
= (A > 1.5) (62)
and
A= (Wetted length at keel)® (63)
Wetted area projected normal to keel

Rezasons for the substitution of 6 <for B, which substitution was
introduced by Pierson end Leshnover for the unyawed case in reference 1k,

are discussed in references 1li and 15. Seversl rather similar equations
have been proposed for 6 in these papers and are as follows:
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x cot 61

% cot 931

n cot 6o

n cot 62

T cot 63

n cot 63

where

and

o K2 - 2K sin®p - K2sin®B tan®r (ﬂ
sin®B + K°tan2r

(K - sinB)?

2
+ cos<B (ﬁ
sin2B + K2tan2T

/1-—l‘-tan2;a
2

ﬁ2)+ (n
\/tanET + — tan2p
. 72

1 - (ﬁ

sin?T + iL»tanEB coser
72 :

-2
o |2z (v
tan2r + J° '

1 (ﬁ
sin2T + JQCOSET '

g =% tan p
J = 0.293
J =2 tan B

K=

NACA TN 2817
)
cot 91 2 2)
F (6%)
cot 87 £ E)J
~
cot 92 2 2)
> (65)
cot 8o 5 2)
v,
N
cot 93 2 2)
> (66)
cot 63 $2)
>
(>0) )
(B =22.50) &  (67)
(B = 3o°)J

1.7x2 3.3x%

E(% _ 3 tan®p cos B _ tan B singé)
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The relative merits of these equations for 6 are discussed in refer-
ence 15. Equation (66) appeared to give the best agreement with experi-
mental data for the unyawed case for an angle of dead rise of 22.5°
(ref. 15) and is therefore used subsequently for comparisons of theo-
retical and experimental pressure distributions.

Pesk pressure.- In order to convert equation (33) for the peak
pressure to the three-dimensional case, the terms Vy and VC are

replaced by x sin ¥ and (, respectively (see egs. (36) and (38));
the following equation results:

2, . (g cot B £ x——%ﬂ>2 (68)
Bo c

Reference 16 shows that, for the unyawed case, equation (68) does not
adequately take into account the effect of trim orn the pesk pressure.
In order to take this effect into account, equation (68) which, for the
unyawed case, reduces to the relation

_212_5 - (g cot s)? (¢=0)  (69)

ol

was empirically modified in reference 16 to obtain the following equa-
tion for the peak pressure at any finite angle of trim between 0° and

900

p 1
s = - (¥=0) (70)

(% cot B)

(See eq. (3) of ref. 16.) The corresponding modification of equa-
tion (68) is

Pp_ = (72)
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(Compare with egs. .(69) and (70).) Reférence 15 shows that equa-
tion (70) was overconservative for the unyawed case for an angle of
dead rise of 22.50. This difficulty was remedied by replacing the

gquantity g-cot B by an.empirical function % where J 1s given by

equations (67). Application of this seme substitution to equation (71)
gives the following final equation for the peak pressure on a yawed

wedge:

= i (72)

cos2T
1l X sin W)e-

sin®t +

" |

J ¢

Steady planing.- For the special case of steady planing (é = 0,

& =V sin T, X = V) the equations of the preceding sections for the

gide force and the rolling and yawing moments reduce to the following
relations:

Banezzsin ¥

Fy = (73)

2 cos T
Brpvez2sin ¥ 2

Mg _ npvVez=sin %g _ En~cz ) (7%)

2 cos T 12 sinEB cos T
2.2

Mg = BrpVezegin W(ag ) Gz ) (75)

2 cos T 3 sin 7

(See eqs. (42), (47), and (54), with E substituted for E; in

eq. (#7).) The ratio between the side force and the normal force is
~also of some interest. According to reference 9 the normal force 1n
planing is .

_= [f( B_)JECP(:-) DVEZatan T (76)
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so that when equation (73) is divided by equation {76) this ratio becomes

Eﬂ B sin ¥

= (17)
Fe [f(B)]ecp(A) gin T

The Yawed Seaplane After Chine Tmmersion

Occurrence of chine immersion.- Chine immersion is considered to
occur when the wave generated by the motion of the seaplane meets the
chine-step intersection. From an examination of figure 10(d) it is
seen that this immersion occurs when

where R and L are wave-rise ratios illustrated in figure 10(4).
For the special case of the straight-sided wedge H = g tan B and

equation (78) becomes

_ b tan B cos T

Zch = ( 79)
2RL

Iﬁ_the previous sections of this psper, the ratio R <for the straight-
sided wedge has been considered to be equal to xn/2 .(see eq. (17)) and

the ratio L has been considered equal to unity so that equation (79)
becomes

_ b tan Bcos T

(80)

Zch
7

Actually, according to experimental and theoretical information given
in references 4, 5,15, 17, and 18, the ratio R 1is either equal to
or somewhat less than n/2. The ratio L is either equal to or some-
what greater than unity. Thus the two effects tend to compensate each
other so that equation (80) may give a reasonable prediction of the
draft at chine immersion.

For cases of seaplanes which differ slightly from straight-sided
V-shapes it is suggested that equation (80) be modified as follows:
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b ten B cos T (81)

A =
ch T

where B 1is the average angle of dead rise as indicated in figure 10(Db)
and is defined by the relation

tan By = %? (82)

Side force.- The side force after chine immersion on a seaplane of
arbitrary constant cross section is obtained by integrating equation (30)
over the non-chine-immersed length of the seaplane (see eq. (17)), by
integrating equation (34) over the chine-immersed length of the sea-
plane, and by substituting equations (36) and (38) into the resulting
equation to obtain

zch/sin T ' z/sin T
Fn EBthVh JC h ds + 2szchﬁ JF h ds

zch/sin'r

20V, Vy (BSnch + BgASnch)

2pxt sin ¥ (}3snch + BZASnch) (83)

(The constant Bj has been replaced by B in the first term of this

eqﬁation to make this equation consistent with the analysis of the
preceding sections for the non-chine-limmersed case at the instant of
chine immersion.) The term snch is the wetted area of one side of

the seaplane projected normal to the plene of symmetry of the sesplane
at the time of chine immersion and ASp,, 1s the increase in wetted

ares subsequent to chine immersion. These wetted areas include only
the areas of the seaplane which lle below the plane of the chines.
Usually the flow separates from the hull at the chines so that there
is no wetted area above the chines. Cases where there may be such
wetted areas, however, are considered in a subsequent section of this
paper.

The wetted areas needed for equation (83) can be obtained from an
observation of figure 10(b) as
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and

Z 2H
Adncy = H(sin T - X tan 'r)

b tan Byf , b tan B
B 2 \si_n'r n tan T

so thet equation (83) becomes

Fy

b

2.. .
_ pb=xf tan By sin §|{B tan By cos T N Bg(z tan By cos T) (8k)

sin 71 2n 14

Rolling moment.- The rolling moment after chine immersion of a

seaplane of arbitrary constant cross section, which depends on the
characteristics of the individusl hull shape concerned, is not consid-
ered in this paper. The rolling moment of a straight-sided wedge,
however, can be easily obtained by integrating the rolling moment per
unit length along the hull. For non-chine-immersed sections this quan-
tity is given by equation (32); for chine-immersed sections, by equa-
tion (35). The resulting equation for the rolling moment is

_ pg';zb3tan B sin \leB tan B cos 7(3 _ & )
2 sin T K3

b 12 sin B cos B *
ag By z tan B cos T
232('1)— "~ 8 sin B cos B)(F - T (85)

(The constants By and E;j hgve been replaced by B and E in order

to make this equation consistent with the analysis for the non-chine-
~ immersed case at the instant of chine immersion.)

M
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Yawing moment.- The yawing moment after chine immersion for a sea-
Plane of arbitrary constant cross section can be obtained similarly
from integration of equation (52) as

px§b3ta.n By sin ¥ | B tan By cos T ig G (z 2 tan By cos T)

Me = sin T ox b CslmT® 3n
Beg_tan B1 cos T\ _a_g__ G /_z-_ta.n By COST) (86)
o 7 JIb 2sinT\p T

Further Refinements of the Chine-Immersion Theory

The preceding development for the forces and moments on chine-
immersed yawed bodies took into account only those forces acting on the
parts of the bodies below the chines. On actual seaplanes, however,
there are often substantially vertical walls extending above the chines
which may alsc experience yawing forces and moments. In order to obtaln
a rough estimate of the order of magnitude of these forces, consider
the problem of the steady planing of a rectangular flat plate of finite
thickness w (fig. 16). For this case the theory of the preceding
parts of this paper gives no information regarding the unsymmetrical
forces and moments. In figure 16(b) the motion of the plate is broken
up into two components, one parsllel to the plane of symmetry of the
plate (% cos ¥) and one perpendiculasr to this plane (% sin ¥). Thus
the side nj; of the plate recedes from the water (is not wetted) and

therefore has no water pressure on it. The side np, on the other hand,

may or mey not be wetted, If it is wetted, 1t penetrates the water at
the side velocity Vn = x sin ¥ and therefore has a water pressure on

it. The side motion of this side np somewhat resembles the motion of

8 two-dimensionsl flat plate of beam w with separated flow behind the
plate, for which case (see ref. 6 or 19) the average pressure per unit
aresa is

P = 0.44pvp? (87)

Strictly speaking, equation (87) should give correct results only for
an infinitely large ratio of wetted length to plate thickness (two-
dimensional flow) and for zero beam (such that there is no interference
between the flow below the hull and on the sides). If the ratio of
wetted length to plate thickness is smsll, equation (87) for zero beam
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may considerably underestimate the actual pressure and, if the beam is
increased, the flow under the float will tend to separate at the sides
and thus reduce the side pressure. Thus the two effects tend partly to
compensate each other. With these reservations in mind, it is suggested
that, in lieu of a more satisfactory procedure, a pressure equal to the
value given by equation (87) be considered to act on one side of any
parts of a seaplane sbove the chines which are submerged below the water
surface and which are believed to be wetted by the water and that the
yawing forces and moments on these submerged parts be obtained by inte-
grating this pressure over the wetted areas concerned. Although the
resulting yawing forces and moments are hardly precisely correct, even
for the case of the long rectangular flat plate, they are probably rea-
sonable as a first approximation.

Another Theory for the Side Force on Chine-Immersed or Non-Chine-
Immersed Straight-Sided Wedges

The preceding sections of this paper have presented an anelysis of
the yawing forces based primarily upon the concept of two-dimensional
flow in transverse planes. The applicability of the equations resulting
from that analysis, however, has not yet been established for all prac-
tical conditions; therefore, it is desirable to consider also other
possible methods for computing the yawing forces. For the special case
of the side force only, such a method, which happens to be simpler in
form than that of the preceding sections, is as follows. Consider the
case of a planing wedge (fig. 17). When this wedge is viewed in a plane
perpendicular to the directlion of motion, it is seen that the projected
ares of one side of the wetted surface (S7 in fig. 17) is larger than

the projected area of the other side BSp, the corresponding total wetted
areas corresponding to S31 and S Dbeing assumed to be equal. If the
total force (normsl to the plating) on each side of the float (F1 and
Fo) is considered to be divided approximstely proportionally to this

S
projected area difference (that is gi-='§l) the side force is equal
2 2

to the difference between the horizontal components of these forces or

48 F
Fy = (F1 - P2) sin B = (Fl - —él—e) sin B = S—é:_‘(S]_ - 82) sin B (88)

and the force normal to the keel is equal to the sum of the normal (to
the keel) components of these forces or
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F18S F
F¢ = (F1 + F2) cos B = (Fl + éf) cos B = S—i (S1 + 82) cos B (89)

When equations (88) and (89) are combined, the side force can be
rewritten as

S -
F-j. = —1—-—-5% tan B (90)
FC S1 + 82 -

By a consideration of the geometry of the float it can be shown that the

S1 - So
ratio —————— 15 given by the relation
S1 + 82

51 - 52 tan ¥ ten B
S1 + 8o sin T

(91)

which is valid for both chine-immersed and non-chine-immersed wedges.
Equation (90) therefore can be written as

Fn _ tan ¥ tenp (92)
F§ ' gin T '

Substituting the relations Vy = x sin ¥ (see eq. (36)) and

Ve = x sin T cos ¥ (see eq. (37)) and rearranging equation (92) yields
the following relation:

v
Fy cot B = N ten B (93)
Fe Ve

The significance of-the right-hand side of equation (93) is indicated
in figure 18 which shows transverse cross sections of a non-chine-

V
immersed wedge for values of V% tan B less than and greater than unity.
\'f
For Vﬂ tan B larger than unity, only one side of the float is wetted
£

by water; therefore, for these cases the ratio between the side and
normal forces is equal to the tangent of the angle of dead rise (since
the total force is substantially normal to the plating) or.
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™Moot p=1 _ (EltanBZ.l) (9L)
Fg _ Vg

For values of %ﬂ tan B less than unity, the data of figure 19 show
€
that experimentael planing data for a wedge having an angle of dead rise

F
of 22.5° give higher values of F_‘Tl cot B than are predicted by equa-
d
tion (93). (See the appendix for a description of these tests.) This
result suggests that a more adequate equation for the side force could
be written in the form

Py _ e[
Fg cot B f(V; tan B) (95)

where the functional relstion is to be determined empirically. Since
this relation must satisfy equation (94), it is probable that the rela-
tion will not vary much with the angle of dead rise. The following
simple equation is proposed for this relation (see fig. 19)

F Vv
—ncotB=sinlrzT'—tanB —ntanﬁgl (96)
F 2V§ Vg

Equations (94) and (96), which were obtained for the planing case,
may be considered to apply also approximately for the impact condition.
This espplication is shown in figure 19 where experimental impact data
for a wedge having an angle of dead rise of 22.5° (see appendix) for
various trims are shown to be approximately in agreement with the vari-

F v

ation of Eﬂ cot B with vﬂ tan B given by the planing data and equa-
g

tion (96). Although it is realized that the actual variation probably

changes with dead rise, trim, flight path, and other varlables, it is

believed that equation (96) will give reasonable results, at least for

rough calculations, for arbitrary yawed landing conditions.

Vv
It is noted that for L tan B near to and greater than unity the
Ve
experimental impact data give values of gﬂ cot B greater than unity.
Ft
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This result indicates that there is a negative pressure on the low-
DPressure side of the float. Although such an effect would not exist

for the planing case (the water would not wet one side of the float for .
v

-g-tan B> %) during these particular yawed impacts, during earlier

stages of the impacts (before the time represented by the test points

shown) the gquantity —1 ten B was small enough to permit wetting of

both sides of the float. The suction results from the tendency of the . =

V
water to separate from the low-pressure side as the quantity vg tan B

increases sbove unity.
ANALYSTS OF OBLIQUE YAWED SEAPLANE LANDINGS FOR FREE SIDE MOTION

Basic considerations.- In the preceding sections of this paper it

has been assumed that the motlon of the seaplane during lending is
restricted to the plane of its landing (XZ-plane of fig. 1o(a)§ or that

there is no side motion (in the Y- direction). Since in en actuel landing ’
a seaplane is free to accelerate to the side as a result of the side - e
force, it 1s desirable to determine the relations between the yawing
forces in such a free yawed landing and those in the previously discussed
restricted yawed landing. As for the restricted-landing analysis, it

is assumed that the vertical motions and forces are unaffected by the
angle of yaw and that the change in horizontal velocity during an impact L
is small.

} Consider the motion of the seaplane in a horizontel direction _ -
normal to the keel. The force in this direction, which is the side
force Fqp, must (according to Newton's second law) equal the mass of

the seaplane %- times the rate of change of the side velocity rm

or
W anf

Frno =2 £
nr z at - ) (97)

(the negative sign indicates that an and an have been defined as S

positive in oppoéite directions). The side force for the general case
of a body of constant arbitrary hull cross section, whether restricted
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in side motion or mot, is given by equation (83) as

F = epvcvﬂ@snch + BZASndD

For the restricted case of the previous sections Vy was considered

to be substantially constent as a consequence of the assumption of no
side motion and of the assumption * = %X5; thus Vﬂa was equal to its

initial value or
Vﬂa = Vo (98)

and equation (83) for the restricted case becomes

FTla = 2pV§V-qo @Snch + BEASnch> (99)

For the free case V.q is a variable (having, of course, the same initial
value Vn = as for the restricted case) and Fn 1s given by equation (83)

as

Fne = 20V¢Vn, (B8ncn + BoASncy) (100)

When equations (99) and (100) are combined, the relation between the
side forces for the free and restricted cases becomes

;ﬂi = Zﬂi (101)
Na Vﬂo

It should be noted that the variables V¢, BSnch, and ASp, in

egs. (99) and (100), which depend only on the vertical and horizontal
motions, have been considered identical for the two cases of free and

restricted landings.) A combination of equations (97) and (101) and
a rearrangement gives the following relation (see eg. (36)):
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av gF gF
L Pl T . S (102)
Ve ano Wxo 8in v

which, when integrated, becomes

t gF
- f — :a » dt
v 0 Xo sin
V"_f. = e (103)
Mo

When equations (103} and (101) are combined, the ratio between the
side force for the free and restricted cases is

t  &F
F 'f W T::wdt
Jf_ e YO Mo ? (10)
Fng

The same ratio is similarly epplicable to the rolling and yawing moments,
that.1is,

t
r, o, m, o[ g
£ - g - f - e 0 o (105)

Equation (105) gives all the relations necessary for converting the
equations of the previous sections for the restricted landing to those
of the more realistic free landing.

The wide non-chine-immersed wedge.~ For the special case of the

wide non-chine-immersed straight-sided wedge, equation (105) can (after
much trigonometrical manipulation) be expressed in the following form:

C¢
an ) Mgf Mgf -a(l + n)fo Cn aCt

(106)
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where

@ = (107)
[£(8)] Po(a)

(see definitions of Cﬂ’ Ct, and k) and where Cph 1is given by fig-

ure 11. (It should be noted that the quantity o is primarily a func-
tion of the seaplane dead rise alone except for the quantity p(A)

Cy
which is usually neasr unity.) The integral (1 + n)‘jp Cp dCt
0

(obtained from graphical integration of the curves in fig. 11) is shown
in figure 20, for various values of k, as a function of Cg. The
reduction of maximum side force due to the change from restricted to
free motion (obtained from fig. 20 and eq. (106)}) is shown in figure 21
as a function of k for various values of «. The maximum side-force
coefficient for the free case, as defined by the relation

Fn
Cne = : L (108)
Brpkol o sin ¥ 64 2/3

| 2 \3I tan T [f( 55] 2QJ(A) npeg

(same definition as for the restricted case), is given in figure 22 as
a Tunction of k for varlous values of «.

CONSTANTS FOR THEORETICAL SOLUTIONS

Dead-rise—aspect-ratio function.- In order to make theoretical

solutions for the unsymmetrical forces and moments for the wide stralght-
gided wedge it is first necessary to solve the symmetrical problem
according to the methods of reference 9. This sclution involves the

3 o .
use of the quantity E(BS] @(A) which is related to the meximum

vertical force (during a landing with wing 1ift equal to seaplane weight)
in reference 9 by the relstion
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3 —
3’&.(”] 2(p(A) - nj-"?m.&l.xgz I6W sin T cos®T (109)
szxéo \l Tpg

where Cimax 1s glven by the solid curve in figure 23. This quantity

€?E?(BZIE¢(A) was determined for an angle of dead rise of 22.5° from

equation (109) by using experimental maximum-load data from teble I of
this paper and from table II of reference 15. The resulting values

for all these impacts for which the maximum load occurred prior to
chine immersion are shown in figure 24. The solid faired curve drawn
through these test points was used for all computations in this paper. .

For angles of dead rise other than 22.5° it 1s suggested that the
dead-rise-aspect-ratio function be computed from the relation

2 (2 _4\2
[£(e7]20(a) = (2B 1) oa) (110)
where ¢(A) 1s given by equations (61) and (62) and where

A =2%en B (111)
w tan T

according to equations (17) and (63). Equation (110) gives the dead-
rise function proposed by Wagner in reference 2 modified by an aspect-
ratlio correction. From a consideration of the experimental snd theo-
‘retical information in references b, 5, 7, 9, 10, 15, and 20 and in
this paper it appears that equation (110) is reasonably satisfactory
for angles of dead rise from 30° to 50°. For angles of dead rise
smaller than 300 the experimental evidence in references 7, 15, and 20
and in this paper indicates that the actual dead-rise—aspect-ratio func-
tion is somewhat smaller than the value given by equation (110) (see,
for example, the dashed line in fig. 24). The experimental evidence
in these various references, however, is not completely consistent or
conclusive; therefore, no attempt is made in this paper to define more
accurately the dead-rise function.

Yawing coefficients.- The following values of the quantities B, E,

and G were empirically chosen from the experimental data in this paper
and were used for all computations in this paper for B = 22.5°:

B=1.2; E=0.7T; G=1.2 (112)
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When it is necessary to determine the guantity B for other angles
of dead rise, it i1s noted that the value of B given by equations (112)
is substantially equal to the value given by the second two-dimensional
approximetion By shown in figure 8. Consequently, it is recommended
that this curve for Bj be used for B for computations for other

angles of dead rise.

It is noted that the value of E given in equations (112) is
smaller then the corresponding value of E; (see fig. 8). Purely
arbitrarily it is suggested that the faired curve drawn through
E=0.T et B =22.5 be used to compute E for other angles of
dead rise. '

It is suggested that the value of G given by equations (112)
be used for all angles of dead rise.

COMPARISONS BETWEEN THEORY AND EXPERIMENT FOR THE

NON-CHINE-IMMERSED WEDGE

Experimental motions and forces as obtained from a yawed landing
and planing investigation at the Langley impact basin (see appendix)
are compared with the theoreticael predictions of this paper in fig-
ures 23 and 25 to 37. In all cases the theoretical relstions used are
those derived in the section of this paper entitled "The Wide V-bottom

Seaplane.™

Landing Investigation

Vertical loads and motions.- Experimental time histories and maxi-
mum values of the draft, vertical velocity, and vertlcal acceleration
(or vertical hydrodynamic load) for landings with yaw angles between
00 and 120, shown in figures 23 and 25 to 28, appear to be substantially
independent of the yaw angle and are in reasonable agreement with the
predictions of the theory of reference 9.

Side load.- Comparisons of theoretical and experimental side loads
shown in figures 29 and 30 indicate that the experimental side loads
are in reasonable agreement with the theoretical values for yaw angles
at least up to 12°.

Rolling and yawing moments.- Comparisons of theoretical and experi-
mental meximum rolling moments, rolling-moment time histories, and
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yewing~-moment time histories, shown in figures 31, 32, and 33, respec-
tively, indicate that these quantities are in reasonable agreement.

Times to maximum vertical load, maximum side load, and maximum
draft.- In figure 34 comparisons are shown between the experimental ..
and theoretical times fo maximum vertical lo&d, maximum side load, and

maximum draft. The experimental and theoretical times are seen to be
in reasonable agreéement. -

Pressure distribution.- Theoretical pressure distributions, as
computed from the two approximations of equations (59) and (60), are
shown in figure 35 together with the corresponding experimental pres-
sure distributions for several trims and yaw angles. Fair agreement
is seen to exist, the second approximation theory (eq. (60)) giving
somewhat better results than the first approximation theory (eq. (59)).

Peak pressures.- Experimental and theoretical peak pressures are

compared in figure 36 for several yawed impacts. Failr agreement is
seen to exist.

Planing Investigation

Experimentel yawing forces and moments during planing are compared
with the corresponding theoretical forces and moments (computed from
eqs. (73) to (75) and (77)) in figure 37. It is seen that the experi-
mental side loads, rolling and yawing moments, and ratios of side to
normal load are in reasonable agreement with the corresponding theoret-
ical gquantities.

CONCLUDING REMARKS

An spproximate theory has been developed for predicting the unsym-
metrical forces and moments during the yawed impact or planing of sea-
planes. From comparisons of the results of theoretical calculations
with experimental side force, rolling and yawing moment, and pressure
data presented in this paper for a non-chine-immersed straight-sided
wedge having an angle of dead rise of 22.5° and yaw angles up to 12°,
the proposed theory appears to give reasonasble results for the cases
tested. Although it is probable that the proposed theory is also at
least qualitatively applicable to other angles of dead rise and to the
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chine-immersed case, the extent of quantitative agreement for such
conditions remains to be determined by future experiments.

Langley Aeronautical Leboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., June 21, 1952.
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APPENDIX

EXPERIMENTAL INVESTIGATION

Description of Tests and Instruments

A series of smooth-water yawed and unyawed landing and planing
tests was made at the Langley impact basin (ref. 21) with a prismatic
V-bottom float having an angle of dead rise of 22.5°. Details of this
model are shown in figure 38.

Landing tests.- Thirty-six landings were made with the float loaded

to a weight of 1177 pounds which corresponded to a beam-loading coeffi-
cient of 0.48. These landings covered yaw angles between 0° and 120
and initial flight-path angles between approximately 3° and 9°. During
each landing a compressed-air engine (described in ref. 21) exerted a
vertical 11ft force on the model equal to its weight so that the model
simulated a seaplane with wing lift equal to the weight of the seaplane.
Otherwise the model was free to move in the vertical direction. The

model was attached to a towing carriage weighing approximately 5400 pounds.
Because of this large additional carriage inertis, the model did not

slow down very much (horizontally) during any landing.

Time histories of the following quantities were measured during
each landing: vertical draft, vertical velocity, vertical acceleration
(vertical force), horizontal velocity, side force, rolling moment, yewing
moment, and pressure distribution. The instruments used for messuring
horizontal veloclty and initisl. vertical velocity are described in ref-
erence 21. The instruments used for measuring time histories of the
vertical motions and of the pressure distribution are described in ref-
erence 15. The locations of the pressure gages used in this investiga-
tion are shown in table II and figure 39. The hydrodynamic forces due
to yaw were measured as follows: A six-component strain-gage-type dyna-
mometer measured the side force, rolling moment, and yawing moment at a
Position above the float. These moments and forces differ from the
corresponding hydrodynamic quantities because of inertia forces and
moments resulting from structural oscillations of the float beneath the
‘dynamometer. The inertia force due to side oscillations, which occurred
at a frequency of approximately 3.5 cycles per second, was measured by
a side accelerometer mounted on the float. The effects of another struc-
tural oscillation, which occurred at a frequency of approximately 13 cycles
per second and which can be seen in figure 33, were not taken into account.

Planing tests.- Four planing runs were made in the Langley impact
basin according to the procedure outlined in reference 22. During these
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runs, measurements of the pressure distribution, the side load, the
rolling moment, the yawing moment, the total force normal to the keel,
and the horizontal velocity were recorded. The instruments used were
the same as for the landing tests except that the normal force was
measured by the previously mentioned dynamometer for the planing runms.
The dreft corresponding to each planing run was obtained by observing
the wetted length, as given by observetion of the experimental pressure
distributions, and multiplying it by the sine of the trim. If the water
rises up in front of the float, this quentity (wetted length times the
sine of the trim) may be greater than the actual draft; however, this
rise is probably small for the conditions tested.

Precision of Measurements

The instrumentation used in these tests gives measurements that
are estimated to be accurate usually within the following limits:

Horizontal velocity, ft/sec . . e et e e e e e e .. 105
Vertical velocity at water contact, ft/sec e e e e e e e .. H0.2
Verticel veloclty after water contact, ft/sec e e e b e 4 s s a 0.5 -
Vertical acceleration, percent . . . . . o+ e e s e s a e 15
Pressure, 1b/sq e o T T T = £ O o
Time, sec . . = g N 0105
Draft for landlngs, ft e s e e s s s e s e e e e e e e o« . 10.03
Side force, 1b ¢ ¢ v & ¢ 4 i v 4 e s s 4 4 e 6 e e e e e a e e 50
Rolling moment, £t-1b . . « ¢« ¢ ¢ ¢ v ¢ ¢ 0 b e 4 e s e e 0. . 100
Yawing moment, ft-1b ¢ « ¢« « ¢ . ¢ 4 v v e e v e e s s ... . T200

In order to evaluate properly the experimental date from most
instruments, the dynamic response characteristics of the instruments
and the.corresponding recording galvanometers had to be taken into
account. Analysis of this dynamic response for the experimental condi-
tions of these tests showed that the response characteristics of the
Instrument-galvanometer circuits were of such a nature that the magni-
tudes of the recorded motlons and forces should be reasonably accurate
but that the circuits had small time lags. All the data presented in
this paper have been corrected for these time lags.

Experimental Results

Landing tests.- The initial vertical, horizontal, and resultant
velocitles, flight-path angles, trims, and yaw angles for all landings
are presented in table I together with the measured over-sll loads
and motions. Time histories of these quantities for severasl landings
are shown in figures 26 to 28, 30, 32, and 33. The values of the maxi-
mum pressures recorded on each pressure gage are presented for all runs
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in table IIT and the corresponding times of maximum pressure are pre-
sented in table IV. Time histories of the vertical velocity are pre-
sented in teble V. In teble VI instantaneous pressure distributions
from several landings together with the corresponding measurements of
time, draft, vertical velocity, and vertical load factor are given.
The corresponding horizontal velocities are substantially the same as
the initiasl values given in teble I since the change in horizontal
velocity during any impact was small.

Planing tests.- The experimental over-all losds and pressure-
distribution measurements obtained during the four planing runs are
presented in teble VII together with the planing conditions of trim,
yaw, draft, and horizontal velocity.
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TABLE I

INITIAL LANDING CCHDITIONS AND OVER-ALL LOADS AND MOTIONS

NACA TN 2817
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PRESSURE-GAGE POSITIONS

TABLE II

[see £ig. 391
Gage 13 n Gage t n
(£t) (£t) (ft) (ft)
1 0.23 0.h7 20 1.82 0.62
2 .23 W77 21 1,82 .77
3 .23 1.08 22 1.82 .93
k .23 1.39 23 1.82 1.08
S .73 A7 2h 1.82 1.2
6 .73 <77 25, 2.23 N7
7 .73 1.08 26 2.23 .77
8 .73 1.39 27 2.57 A7
9 1.02 .62 28 2.57 o717
10 1.07 L7 29 .73 -Ii7
11 1-07 077 30 -73 —062
12 1.07 1.08 31 .13 -.77
13 1.07 1.39 32 .13 -.93
1k 1.17 .62 33 1.07 -.32
15 1-}48 -h? 3}4 1007 "‘-93
16 1.48 17 35 1.h8 -.32
17 1.48 1.08 36 1.h8 ~.h7
18 1.82 -32 37 1.118 -077
19 1.82 47

51
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TABLE IIX

INITIAL LAKDIRG CORDITIONS AND MAXIMOM BOTECM PRESSURES

NACA TK 2817
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TIMES OF MAXIMUM BOTTOM PRESSURES
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TABIE IV - Concluded

TIMES OF MAXTHUM BOTTON PRESSURES - Concluded
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Free water surface

Undisturbed water surface
" \
n

Figure 1.- The oblique impact of a symmetricel body. Two-dimensional problem.

2c

(a) Vertical component. (b) Horizontal component.

Figure 2.- Resolution of the oblique impact into two component flows.
Two-dimensionel problem. )
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(a) Vertical component., - - (b) Horizontasl component.

Figure 3.~ Resolution of the oblique impact into two component flows at
very small body slopes. Two-dimensional problem.
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Figure 4.- Geometric relations for s straight-sided wedge.
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Velocity ratio,

W

n

—— —— First approximation (eq. (13))
——— Second approximation (ref. l)

ol .2 .3 L .5 6 o7 8 9 1.0 1.1

Fraction of wetted width, L—‘.

Figure 5.- Variation of the velocity ratio leV; on the side of m
straight-sided two-dimensional wedge.
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—— — —First approximation (eg. (12))
Second approximation (eq. (29))

2.0

V2
n
-
On

Velocity ratio,
9
N

| L ] |
0 o2 At o6 .8 1.0

Fraction of wetted width, 2

Figure 6.- Variation of the velocity ratio v2/Vn on the side of a
- straight-sided two-dimensional wedge.
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Figure 7.- Variation of the wveloclty product 1 = on the side of a
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straight-sided two-dimensionsl wedge.
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1.6
O Theoretical value of By and B from second

approximation
[0 Average experimental values of B and E (used

for all computations in this paper)
— Suggested curves for computing B and E

o Be --~%}——__’ ‘<¥ 4

B or By factor

0 10 20 30 Lo 50
Angle of dead rise, B, deg

(a) B or By factor.

IRnuENE
T ~—a| TB © I\

E or El factor

0 10 20 30 Lo 50
Angle of dead rise, B, deg

(b) E or Ej factor.

Figure 8.- Yawing factors.

Free streamlines

Figure 9.- The two-dimensional separated flow about a submerged wedge.
Transverse section of wedge.
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Generated wave

MW

(a) Yawed lending of a seaplane viewed perpendicular to plane of landing.

Y'-'q X

sin T
b . .
H= 3 tan By g _btanp Vg =X cos ysint + 2 cosn

ntant ntan-< ,“m‘;",

(v) Yawed landing of a seaplane viewed perpendicular to plane of seaplane
symmetry (fig. 10(a) rotated through the angle ¥ about the Z- or
Zt-axis).

Figure 10.- Geometrical relations during a yawed seaplane landing.
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Axis of yawing moments

(c) Yawed landing of a non-chine-immersed sesplane without longitudinal
water pile-up, viewed perpendicular to seaplane plane of symmetry.

(d) Yawed landing of a non-chine-immersed seaplane with longitudinal
water pile-up, viewed perpendicular to seaplane plane of symmetry.

Figure 10,- Concluded.
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Figure 1l.- Theoretical time histories of the side-force coefficient
for a non-chine-immersed wedge.

(Ordinates and abscissas have been

multiplied by the factor 1 +k to facilitate interpolation.)
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Maxiwam side-foroe coefficient, c"mx
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=
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1 2 3 h 5 ] 7 8 9 10

Approach parameter, «

Figure 12.- Theoretical variation of the meximum side-force coefficient
with the approach perameter for a non-chine-immersed wedge.
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Times coafficlent, Cp

2.0

.6

o .
N
L]

\\
-8 ~ { At maxiwnm draft
~—_ \ \‘— At maximum side force ~
- e ™ At maximm vertical load s
S
X M— |
m::
0 1 2 3 h 5 6 7 8 .9 10

Approsch parameter, r

Figure 13.- Theoretical variation of the time coefficient with the apprcach
parameter for a non-chine-immersed wedge.
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Filgure 1k.- Theoretical varlation of the quantity CnCa with the time

coefficient for various values of approach parameter for a non-chine-
immersed wedge. (Ordinates and abscissas have been multiplied by the
factor 1 + k to facilitate interpolation.)
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by ! ——Maximm positive moments
S \ — — Maximum negative moments
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Approach parameter, x

(a) Curves for small values of & or B¢.

Figure 15.- Theoretical variation of the maximum rolling- or yawing-moment
coefficient with the approach parameter for & non-chine-immersed wedge.
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Figure 15.- Concluded.

(b) Curves for large values of O
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X cos y
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(b) Rectangular flat plate viewed perpendicular to the plane of symmetry
of the plate. B

Figure 16.- The yawed planing of a rectangular flat plate,

2817
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5 b -
3 2
S
1 2
A
Side view Front view

Figure 17.- Yawed wedge during steady planing.

Water surface

\/ v

Jtanp <1l Dtanp>1
Vs ¥y

Figure 18.- Transverse sections of a non-chine-immersed wedge for values
Vi <
of Wtanﬁ>l.
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Flgure 19.- Varietion of F-,—g- cot B with V—g— tan B for a straight-sided wedge.
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Figure 20.- Theoretical variation of the guantity (1 + u)‘jp Cp dCt
0

with the time coefficient for varlous values of approach parameter
for a non-chine-immersed wedge. (The sbscissa has been multiplied
by 1+ k£ to permlt use of thig curve with figs. 11 and 1k.)
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Maximum-side-force reduction,
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Approach parameter, k

Figure 21.- Theoretical reduction in side force due to changing from
restricted to free side motion for a non-chine-immersed wedge.
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Figure 22.- Theoretical varlation of tbhe maximum side-force coefficlent
for free motion with the approach parameter for a non-chine-immersed
wedge,
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Naximum vertical-load-~factor coefficlent, c]
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3 Theoretical sclution
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O o
0 3| Erperimental data from table I
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2 A 9 p =225 v =3.2° 6,3° 9.3
h 12
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Approach parameter,

Flgure 23.- Comparison between theoretical and experimental variations
of the meximum vertical-load-factor coefficient with the approach

parameter.
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QO Reference 15
O Table I
—— Variation used for computations in this paper

— — Equation (110)

Experimantal impact data

| L | 1 ] i ] ] 1 ] ] ] ] |
2 M 6 8 10 12 1)
Trim, deg

Figure 2L, Experimental variation of the dead-rise-aspect-ratio function

with trim for an angle of dead rise of 22.5°,
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¥aximum draft coefficient, Cdnax
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Theoretical solution
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0 6
[0 3| Experimentsl data from table I
2 STB = 22.5% 7 = 3.2°, 6.3°, 9.3°

N1
dﬁd After chine immersion

Approach parameter, ®

Figure 25.- Comparison between theoretical and experimental variations
of the maximum draft coefficient with the approach parsmeter.
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‘Theoretical solutions

L4
O(d;g)
O 12} Experimental data

o2

|
-+
“ O ol u2 03 Qh .5
o Time, t, sec
§ (a) T = 3.2°; %5 = L.2 feet per second; %, = T1.5 feet per second.
&

2 |-

] ] | | I | i i i }

o] .1 o2 o3 b 5
Time, t, sec

(b) T =9.3°% %o = 3.3 feet per second; %o = 67.1 feet per second.

Figure 26.- Comparison between theoretical end experimentel draft time
histories. B = 22.,59; W = 1177 pounds.
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Vertical velocity, z, fps

NACA TN 2817

Theoretical solutions

L 4
(deg)
C 9

0 12 Experimental data

2 L
0 2N O) “~\\\\
o
| { | | } 1 i L | J
0 .0 .08 .12 .16 20

Time, t, sec

(a) T = 3.2 %, = 4.2 feet per second; %, = T1.5 feet per second.

| i ] ! l | i I ] J

0 0l .08 12 .16 «20
Time, t, sec

(b) T = 9.3°; 2o = 3.3 feet per second; %X, = 67.1 feet per second.

Figure 27.- Comparison between theoretical and experimental vertical-
velocity time histories. B = 22,5Y; W = 1177 pounds. '
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1.2L o Theoretical solutions
14
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X O 9| Experimental data
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ki Time, t, sec
S
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g
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o
Y
s a5
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0 ol .2 03 oll 05
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(b) T = 9.39; 2o = 3.3 feet per second; %X, = 67.1 feet per second.

Figure 28.- Comparison between theoretical and experimental vertical-
load time histories. B = 22,59; W = 1177 pounds,
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Theoretical solution from figure 12

¥
(deg)
o 3
[0 6| Experimental data from table I
)
4 <A> lg B = 22.5% ¢ = 3.2, 6.3°, 9,3°
é é S O After chine immersion

i | | | A1 I ] | | | i ]

2 L 6 8 10 12

Approach parameter, «x

Figure 29.- Comparison of theoreticel and experimental veriations of

meximum side-force coefficient with approach parameter,
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o) Theoretical solutions
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N
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0
) Time, t, sec
- (b) T = 9.3°; zo = 3.3 feet per second; Xo = 67.1 feet per second.

Figure 30.- Comparison between theoretical and experimental side-load

time histories. B = 22.59; ¥ = 120; W = 1177 pounds.
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Theoretical curves for posit )
from figure 15(b) positive monents 8

Experimental data from table I (positive momen
t
g =225 ¥ " 3°, 6°, 9°, 128 )

.16 T 1
1 (deg) 5,
6’ 0302 009
o 09.3 1.5

| { q 1 . { |
Approach parameter, K W

Figure 3l.- Comparilson of theoretical and experimental maximum rolling-
pmment coeffigients for & non-chine-immersed wedge.
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1200

Theoretical solutions
Experimental data

800

L0o

0 gl 02 03 cll 05
Time, t, sec

(a) T=3.29 %, = 4.2 feet per second; %o, = TL.5 feet per second.

.

Rolling moment, M. , lb=ft
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0 ol 02 03 oLl. ns

Time, t, sec
(b) T =9.3% 25 = 3.3 feet per second; %, = 67.1 feet per second.

Figure 32.- Comparison between theoretical and experimental rolling-moment
time histories. B = 22.50; ¥ = 120; ag = 2.96 feet; W = 1177 pounds.
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NACA TN 2817

(b) T=9.3% %o = 4.1 feet per second; %, = 56.6 feet per second.

Figure 33.- Comparison between theoretlcal and experimental yawing-moment
time histories. P = £2.5% 8 = 2.87 feet; W = 1177 pounds.

second.



Tine coefficient, Gt
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Theoretical sclutions from figure 13
O At max. vertical load BExparimental data from table ¥
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O At max, draft vy = 3%, 69, 9°, 12°

[Y <5 After chine immersion

At max. draft
At max, side forcae

At mx, vertical load
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Approach parameter, £

Figure 34.- Comparison of theoretlical and experimental time coefficients

for a non-chine-immersed wedge.
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nxpormnhl pressure distributions

—e——— Mrst approximation (eq. (59);
— — —— 8scond approximation (eq. (60))

Theoretical pressurs distributions

V
(a) T =.3.2%; ¢ = 69 -‘}%z 1.1,

Figure 35.~ Theoretical and experimental pressure distributions on a yawed
prismatic float having an angle of dead rise of 22,50,
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Experimental pressure distributions

~———— First approximation (eq. (59))
~— —— Sacond approximation (eq. (50))

Theoretical pressure distributions

(b) T = 3.29; ¥ = 129; %z 2.4,

Figure 35.- Continued.
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Experimental pressure distributions

———— First approximati »
—— — Second lpwoximt::n(z:q. (fzggJ

Thacretical pressure distributions

V.
(e} T =9.3% ¥ = 9% A= 0.9, . -
VQ .
Figure 35,- Concluded. >
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Peak pressure, Pps 1b/sq in.
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-
——Equation (72) (Vertical velocity from table V)
N O High-pressure side Experimental data from
0O Low-pressure side tables IIT and IV
[~ High-pressure side

Zf:-Low-pressure side &
1 ] ] 1 | 1 ! | { i

0 <O .08 .12 16 «20

Time, t s SecC

95

(2) Run 5: T = 3.,20; § = 129; %, = T1.5 feet per second; 7, = 4.2 feet
per second.

Peak pressure, Pps 1b/sq in.

ny
o

)
o

NACA

High-pressure side

Nl .08 .12 .16 .20

Time, t, sec

(b) Run 27: T = 9.3% y = 9°; xo = 67.2 feet per second;

Zo = k.3 feet per second.

Figure 36.- Comparisons of computed and experimental pesk pressures.

8 = 22.5°,
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Figure 37.- Comparison of experimentel and theoretical forces and moments
during yawed planing. B = 22.5°.

96

LTgS NI VOVN



NACA TN 2817

Station

Figure 38.-
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Hull lines of float having a 22.5° angle of dead rise.

All dimensions are in inches.
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o] %-in.-diameter gages

Figure 39.- Location of pressure gages in float bottom.
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